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fzfzL. ^Fex-Niy-CoztcioV^-r. x. y. z (i. ^ft^til^lT<7)^^mfz-t 
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fzfzL. ^Fei_a-Ptat^ioV^-C. ait. i^lT<7)^^mfz-r^mr-^^o 
0.15^3^0.45 

fcT^iL. ^Fei_b-Pdbt^i3V^T. hit. likT(D^i:mtz-rmi^V-^^ o 
0.2^ b ^0.45 

0.05^ c ^0.3 

[ff^igl 1] S5«14^*^'bi;^tf^<>:^#m^1-'&»^Jll - 1 0<D 

1 3 1 m^m 1-12 <D^^-rM^-mizmm.<7)mm.mmi}^mirt 

[if 1 4 ] m^m 1-12 (D^.^-rM'-mizmm^Tymn^mmm'^t 

5 1 mMm 1-12 <D\^^'rM—'mi<zmm<7)m%i&m±W:mj-t 
. mmm^m.mm^m'f-i<zmm.^tm'r^fzi^<7)mm.ummmi^mt. mtmn 
irm^t^-tfzifxDmm.miiimmi^mt^mK.fzztin^Wit-r^mm.^'evo 
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[0 0 0 n 

[0 0 0 21 

> K^il^^-t'; (Magnetic Random Access Memory (MR AM) ) ^ 

±<T^mit-^\^<Dmmm~^Z'■\:xmzm^m^J:^mm.xhho -m^. m.itu\^ 

LTCu'^i:^0#mtt*l-f3|.^fflv^/c^)0=^GMR^T-tv^^o GMR^ 
my£^M®t;¥^ft;?^i-^«^ (C I P-GMR : Current In Plane- G 
MR) <!:. WM.'kmM\zm%^Z'iM-^i><D (CPP-GMR : Current Perpendicu 
lar to Plane-GMR) i)^^ho ttz. ^m.'&m\Zk\'2ldz^j: t'CD^mnMP^^m 
v^/iMR^T-^TMR^Ttv^^o TMRSTtrti. ^^^14® =^*feMtt^<7)>^ 

\£ y 6^mm^^n V ^ (5 ^ m^%m%mm (m r jrt) ^m>^ti3^x^^o ^ 

::^^^MRJt^^3El-r^MR^T-i: LT. «l<:0TMR^^7&^^^f#$tLTV^^ 

o 

[0 0 0 3] 

i , G M R T M R SIT-'S: t^'OM R mJ--^'M^l&^XWiY^-t ^ t-V M 

h Lxmm-r^tz)sbK, :^\£y^<)virmtm^iy'hyiRm^ii^^^^^x^^^o 
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^i^^-E <7) M R A M 4^ i:- );L«ffl i" -5. C /^'^^s^f^ ^ ti T v ^ ^ o 
[0 0 0 4] 

TMR^T-^, M^^ y K^MRAM^^^"(7)T-Vs;-^XCfDffl-r^/ii^>l3(i, m 

^MmXii. — ilSH250'C~300t:^IJt<7)i|LMS^^^tf^tL-2>o ^^-KT•VX^K^ 
-fr (HDD) C^m^tL^^i^tCti:. ^<7)l*{^3^J^?ajS (f!lx.{i\ ISCC^lJS 
) tC:feV^-CftB#rB^^^Lrft!jf^i-^ ^ ^7:)^^^>)c$tL^o MR^T^CMO 
S ±l<zi^mLXMR AUr^U ^ t LXmm'r^m^i)^§.A.X^^^-/)K CMOS 
SSJIiyn-t;^T'(i$ibtci^?a(7)^MS (400t:~450'C) ^n") ^ t^^yf^MX^) 

o 

[0 0 0 5] 

TMR^Ttc:b^v>T. 3oovi^j.±<Dm^m^n'ofzm^. m%im!^n. (mr# 
(Ty^Mm izx^uR #mg:T<7) pg® ^ ;hzt ^mm ^ ^ ^ o 
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[0 0 0 6] 
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[0 0 0 8] 

m-r^^t § . Mi^rx ^ h > )vmm ^mt^-r ^^t ^^x # ^ o ±%m 

[0 0 0 9] 
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[0 0 10] 
[0 0 1 1] 

[0 0 121 
[0 0 13] 

[0 0 14] 

^ o 

[0 0 15] 
[0 0 16] 
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[0 0 17] 

M2 1 ti^ntwmm^m4 ti^A.'e\^-:ho 

[0 0 18] 

m 1 M14« 1 i5 i <^~s 2 mim 2 co^j.^^ < .h ^ ©ifei^MttM 4 * ^^ 

-ev^tKS'J; v^o ^Tt. UStc^-Tct^H, h >:T-^;l/j^^^3 ?:$fetf||l?^tt^ 1 
i3J:U^'^2mtt«2<7)M:^>«>^^fg:^B?i?8ltt)ji4 ^^^-ev>T ^«:b>&i/^o 0 3 13 

^2^^^MttM2 1 .!:fg:»M14M4 i:^#^Tv>>|>o 
[0 0 19] 

llll~III3H^i-MR^T-e(±. E?M14S5^^mi4^1tc^-r^ 

J: d t^adfi L T i3 0 . Hi tmrn i ^ mmmm i^mm^m 5 i o xmit-n 
^ {i X tr > / s- ;w -rm. (o mi- Wm. ^n^^v^o \>xm:.7T^irm\zi5\^^xiinuxh^ 

o 

[0 0 2 0] 

fi:lf|t|^§Sl^ttM{i> VXy(Di^ (1) OM#^vi/c-t?114mT-^)tL{f iv^o 
[0 0 2 1 ] 

t 1^ t2+ (2X10-6/K) (1) 

1 1 : \&mwmm.'&Lm(^mwm^m. ( 1 / k) 
t2'- y>^-)^m.m.m<D^wm%WL (i/k) 
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[0 0 2 2] 

i. Fe-Pt. Fe-Pd. Fe-Ni-Co. Fe-Ni-Mn. Fe-Ni-Cr. Fe-Ni-V. Fe-Ni-Pt^ <i:-"<7)^ 
[0 0 2 3] 

^^^-Xi>. ^Fcx-Niy-Coz (x + y + z=l, 0.5^x^0.7. 0.3^y^0.45. 0 
^z^O.2) -CTT-^ti^m.f&i^-t^^^^^. ^Fei_a-Pta (0. 15^ a ^0.45) "C 
^^n^a^iK^Wi-^-^^. ^Fei_b-Pdb (0.2^ b ^0.45) T'^^tL^a^^^ 

[0 0 2 4] 
[0 0 2 5] 

ti, I^T-Mi:l:-e0.5J':Jl±^^-r}3S:^^v^^) „ '^/^^-e^, ^Fei_c-Mc (/c/iU 
. M(i. B. P. Si. Zrj3 Jiy^HfTj^ib^tftt^^-^ < t —m<DitmX h ^ . 0.05 

^ c ^0.3) x7^-^i^lhm.m.^^^r^m^SLm^m^t lv^o i ^ ^^i^i^t^*^ 

[0 0 2 6] 
[0 0 2 7] 
10-100vol%75^*f t Lv^o 
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10 0 2 8] 
[0 0 2 9] 

(Di\:^!^^^t^:itm^tL\^-^o AKDmim. mimtLx. mx.i£. AI2O3. a 

/K. 4 X 10-6/ K -Cab 'So 
[0 0 3 0] 

hy^^)\^mmm(^mmii. h >^^;i/Sv)fL^t#^fj&^)tC, 0.4nmm±5n 

[0 0 3 1] 

^mi4^i^j:0''^2mt4^2O9*.. i&mmmm^m^m^^^fz^^ mi 

. #tC$IJ|5I{i^v^;^>?, -^Ox-ti. Co. Fe. Ni. Co-Fe. Ni-Fe. Ni-Co-Fe^ 
[0 0 3 2] 

^ 1 mitm isxifm2 m^m (Dmm^i. mmmmi^m ^ -c 1 - 10 n m 

[0 0 3 3] 
[0 0 3 4] 

m^izmtitimiiun^m^^^ t^mt L < . m^i£. ^NipCoqFerT-^^tL 
^m.f^zim-t^^mGim^^i^t:^^x^^o ^mGi^^sf^id-^.x^^m^ (p=/= 

0. q=#0. r=#0) , 0.6^p^0.9. 0<q^0.4. 0< r ^0. 3"^^ ^ tL-^^IB, 
S ^s:(i0< p ^0.4. 0.2^q^0.95. 0< r ^0.5X7jk^ti:hmm<r>i><D^mt L 
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V^o ^mG^mitFe<D2l&6^^.X-$>:hm^ (p#0. q =0. r =#0) . 0.6^ p<l 

(p=0, q=^0. r =^0) . 0.7^q^0.95-e^$n^lEHc7)^<7)7&^~§fi Lv>o 
[0 0 3 5] 

Co-Fe-B> Co-Mn-B. Fe-Co-Si^ t<D3dM^±m^^i^t-t^T^)\^ 
[0 0 3 6] 

i<zixm^ii^. ^A-dXTTs^ti^m.j&i^'r ^Wii^mtimmm ifzfzL. 

Fe. CoidJimi-^^hmi^ti^^i^^^j: < t iy 1 S^TC^T-* «9 . D{±. Pt. Rh. Pd. R 
u. Cr. Re. Irid Xma-^-hMi^fi^^^^j: < t ii im<D7tmX;^^) ^j: t\ 

[0 0 3 7] 

K^Mm^m<DmA-tLXli. #icp^^$ti^v^;6^ Mn^^t^a5^^K14^^ (Mn 
^K^m^^^) ^mtL^^^o Un^.K^Mm^'^^tLXit^ ^Z-Mn (7t/iL. Z 
{i> Pt, Ni. Pd. Cr. Rh, Re. Ir. Ru:fo J: DTe:a^'b^{^tL^il'^^ < ti> 1 ^cox 
^) -e^^tL^m^^Wi-^^^:*^^^* Lv^o ^'^^--etm^^-a-^-ti-i: LT. Pt-M 
n. Pd-Mn. Pd-Pt-Mn. Ni-Mn. Ir-Mn. Cr-Pt-Mn. Ru-Rh-Mn. Fe-Mn^ <!: 

[0 0 3 8] 
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[0 0 3 9] 

>^ib\ Kmmm(7^rmmtLx. la. Nb. zr. pt. cr4^<h-^iiis-r^^^ ^ 

^-^^ ifzfzL. E(i, Cr, V. Nb. Pt. Pd. Rh. Ru. Ir. Quid Xmu:^-hmi£fi 

[0 0 4 01 
[0 0 4 1 ] 

x'o±^^j:MRit^n^fzi6K. h > )^mmm t . m 1 1 fzum 2m 

[0 0 4 2 J 

:^\^yid-mm<^±^^Hm^m^tLX. 15!lx.(S\ Fe304. Cr02, LaSrMnO. LaCa 
SrUnO^^ tlZiXM^ti^^^-y ^ ^ ^^v^i, NiMnSb. PtMnSb^^ ii^cO^i^ 

[0 0 4 3] 

;^>^'-e^^>i^ 'e<7)M)¥(i, 0.5nmm_hl0nmmT:^>^~ftfS L < . 5 nmi^J^T-^^ X ^ 
[0 0 4 41 

<D'i^WM.hixtzi}K ^(Dmmo—^tLx. ±mLfz. h>:^-^j\^m^m<<zmt> 
^jz>ijn^<7)m±-^'mfhti^o ^ y^'^)mmmizn-r^jZ'tinm:^mmLfzm 
m^^mj^-r^^mwm. mi<z^ vy^^)i^^mmt^tii<zmm-r^mt(DW 

[0 0 4 51 
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^it-t^nmm'^^o #t;> Pt-Mn. Ir-Mn^i:V)MnmR5Mtt^#7&^'b^^R 
10 0 4 6] 

[0 0 4 7] 

[ZTT^-t i.n\.z, Hi m^m 1 ijK Y y ^■^)\^mmm a t <r>w^^>hmf\-fzw.m\z^ 

nMwmm.A^^A.x\^^xiy iiy^^o mA^zif^-tm^t^ mi\z7f^\^fzm=^(^\^m 
i^«ttm4 1 Y y^^)w^m.m3 t<DWi\z^ ^h\,zmm^i 2 ^tmLfzuRm 

[0 0 4 8] 

MRmj-'^n^fzi^i^zit. Y y ^-)i^mmm 3 ti&mmmm^^m4 t<7)mmi. 2 

[0 0 4 9] 
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[0 0 5 0] 

mmy^')mmtii. m5Kioif^mnmi 1 1 tmi^mi 1 3i:;6^^s§Mtt 

mimim i^^h<Dm'&mwi. mmy j:- m^'^mzfj:\^^m^ x ^ ^^^^ <i- 
^:Ltii^x^. m^^A--mvc\^fz^^^\,zfSim.hi£h^ ^\mm\-h^hn^-mL 

[0 0 5 1] 

tVm^m\ 1 2 t LT(i. Ru. Ir. Rh. Rei3 J; C/Cr/^^^iKm^i!'^^ < — 
[0 0 5 2] 
[0 0 5 3] 

h>^-^;w^^^3 a^m^LT^ J:v^L. Ill 7 O J: ^ . $ ^ t^igll*® 6 ^^iS 
LT^. ia8<7)J;^tz. ^'btc?^14^6 ^;R5^?^tt^5 a t^m^LT^)«t>^ 

[0 0 5 4] 

MRJtS:±iSn$-l^fc . enj!jnmJ±<7)ii:^t;^-r^MRJt<7)^t^-^1g:i^$ii:/i f 
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[0 0 5 5] 

, 2^^^ is it -6 M R ^^(7)^it II o V ^ T -r -2. o 

[0 0 5 6] 

MR«T-^«^-r^^liMofMtc{i. /^•;^;^^-^fT■^-^°vv3 > (pld) 
, 4 ir>\^^-^r^°i^:y 3 y (IBD) . ^ ^ X ^ - ^ > t: - A, ioXZfRF 
. DC. ECR. ^';n>, mm^^-fy^-^ (TCP) . i^lfij^-r-y h'fc^- 
O^ST./N'u/ ^ U ^i^'S. MBE. ^:i-yfU-f-^>V'}^^j:t'^:mm-t^^t 

[0 0 5 7] 

Al203> Aimt^-^^h^j:^h>^^}\^mm'ki'i^mir:hm'^l>^it. mK.iI. AKDM 
[0 0 5 8] 

'B^ir'^. AlS/i(iA10x (x^l.5) Art/j(iAr+02#H^'4^-e^ML. ^ti^ 
02 1 fz (i02 + ^fSI^ -em^k ^•ti:'5>^<!:^^«9 =fc v>o is 7° ^ X-7 ^ 
^v:^7;K^f'^^tc(i. ECRl&m. ^*n-jKc«, RFS5c«. il^lt^ 
y^Xv (I CP) >&<if(7)a#0^^^fflv^tL{f ctv^o 
[0 0 5 9] 

J':jit. ^mmi^i^if^MRm^'^m^^fzr^^^7.iz-:>\,^xmmi-^o 

[0 0 6 0] 
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RIE. F lB^^t'<7)mmtl^tfzitit^^^^y^>y-m. 

[0 0 6 1] 

{±. 0 4±iC. Tf|5«®5 0 3. MR^^-S 0 5. ±g|5m® 5 0 2mmz 

mm^n^ mr^t-s o 5<Dmm(7)mmmi>^iimm^mm5 o iT^wg^tL-rv^ 
mmmmms o i tc{±. ±gRms5 o 2 tr^m^s 0 3 i:om^et)^M*& 

[0 0 6 2] 

0 2. 5 0 3<7)m^t LTfi. Pt. Au. Cu. Ru. Al. TiN^ ^'Oj&^gfcL 

. AI2O3. Si02^<i:'(7)|fe|ttttz®n/it-tl4-^fflv>tL(d:\fcv^o 
[0 0 6 31 

*#§§^t3i3tt;5.MR^?-^fflv^/;^^^^-7 K<^— -^J^EIl 0 Ic^-To El 1 0 (i 

^ V - ;v K ^ ^ X. Tt: V - Km^^ K <!: . ^ co^^fBii^b-r* * ^i-^I^El 1? 
*;2)o lai OtcioV^T. ^ Kg|5 5 1 Hi> 7t:i6lc|ffMllI i: ^ 

[0 0 6 4] 

HI OiZTT^irmizio^^.X. Kg|5 5 1 1 ti. mm<^W^^^^y VU5 1 
2 S^fflcoS^^-;/ Kgps 1 3 t^m^X^^^o Itf^^fS^T^f 'S.l^tCJi. 3 
^^I'S 1 4izmLtzm.miZX ^§^^LfzmW.:^^. _LSI5f£it3T5 1 5 t±Ui^- 
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y^^^mmzimLfzm^S l 9/6^ ±g|5v-;v KS l e i:T^v-;l/ K5 2 2 <h 
(Dm<D^mx$)^n^^'^ 2 1 ^ilLTMR^^S 2 0 Hf^ffl L, MR^ 

5 2 2 tCct 0. MR«HF-t^J:oT^t^$ti;5>^|;?g|# (fin*>. 5 1 9 ) m\- 

Ni-Fe. Fe-Al-Si. Co-Nb-Zr-^^^ ^r<7)|^:^gl14>ivl-#^fflv^^ C t ;6^'-e# 
[0 0 6 53 

^mn\izio\,i^MRmi''k^^^fzm.%^y V(Dm<^n'kmi it^^-to mi i 

(±^3-i5' 5 3 3isXVT^3-^ 5 3 4) ^^M^g|5 5 3 2 ^ ^lix.T 
o ±f|5 3-^533^J: t/Tfl^ 3 - ^' 5 3 4 {i, -I^H. #:Mt4TOt; J: o xm 

3 1 izm^^^fi^o ±^3-i> 5 3 3 fi^^^^ y •7°5 3 5=^WtTj3l9. MR^T-5 
3 1 {i. MR^^5 3 1 t_h$|53-^ 5 3 3 i3 J: tfTSP 3 - 5 3 4 t-^m%^ 
i^zm^-t^Xo tc, ^>y7°5 3 5 tTU3-^ 5 3 4 h coFH^tigefii-tLtf i 

o 

[0 0 6 63 

0 1 1 IZTT^-rmxU, ±^3--^ 5 3 3> MR^T-5 3 1 i5 J: 3 - ^ 5 
3 4 o T^KIe]ji&:6^~ff^^^ ;aT*3 ^) . S^^> yj" 5 3 6 t^-^tB LfjfSliiS 
m-^<Dm^^W'l:MRm^5 3 1 m: l9m^M^<!: LX^mir^Zti^^X^^ 
o =&:fc> S^^"^ u/7°5 3 6<7)g^ (S^^'-V -;/ -/S) it. 0.2/u ml^XT-^mt 

[0 0 6 73 

EI 1 1 IZTfk-rm^^ y K<7)MR^i^5 3 1 ^^ts^^t:. j^Ml - 1 ' XWm 

Lfzwmm(7)mmm^mi 2 {zt^-To mi iKTs^LtzURm^s 3 imm(om^ 
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3 1 <r>mMizmmzm,m.^m-rfzi!6(D^) - «5 3 ? mr^^^s 3 

/s--r r;^$[55 3 8 (i. MR^T5 3 I l^z V > fUM.'M'k^^LXWiirfztOliZ^ M 

3 1 tm%mKm^^nx^^:6zt-/)mt lv>o 

[0 0 6 8] 

*feltS^5 3 2(Dm^t LT{±. AI2O3. AlNi3J:t;^'Si02^^:^^fflv>-2>C.h7{»^^-e 
5 3 3 :fo J: y^"Tg[5 3 - ^ 5 3 4 izm^^^Unt LTfi. Fe-Si- 
AK Ni-Fe. Ni-Fe-Co. Co-Nb-Zr. Co-Ta-Zr. Fe-Ta-N^ t^O|fcj8H4*tl4-5i^^$f * L 
v^o ±tmm^Um-h^j:^mt^ la. Ru. Cu^i:-;6^^=2r>i>#N?^14Mt<7)«gM 
$:fflv^.2>C <h ^l>-e^>2>o V^'^-f T:^U5 3 8<DUntLXli^ Co-Pt-a-^^ 
^^fflv^^ ^ .hji^'-ea^ >; - 5 3 7 i: LT(i. -'mm^J:iS:M^mji<^Un 
Xhi>. Cu, Au. Pt>&i:'=^ffl»/^tt(i"J: v^o Tg|53-^ 5 3 4 <i: LT. iitt 

[0 0 6 9] 

tfz. mi I^Ztt-'T X^taB-'^ ^m^fzm.%^y Y(Di^^. MR^i^531 
OgSi^tt®{±, Jigpa-^ 5 3 3tiJlcKg1-^^<i:;6^'»t Lv^^ 
[0 0 7 0] 

±1 J: ^ =^ 3 - M?^^^ Ktcisv^r. :$:%H^OMR^^^ffl\/^;5)^ <!:-e 
^ mM^\z%P-fzn^ti<^W.%^y Vt-r^Zt-h^X^^o 
[0 0 7 1] 

^<7)J:^ ^3-i^Ml^^^>y K{i, — IJiz, 01 Otc^1-J:^^>'--'V 

w.m.'rh-z^m'h^ti:^^tzib^ y y<b-e{±wfij-e^)^o s/^^ MR^T-^^ifiit 
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[0 0 7 2] 

-r^:iti)^x-^^o lai 3tc, ■^^Amzii\1^hm.%3^Bmm.<r>-m^7^^■to mi 
3 KTf^-rm.mzm^m. 5 4 5 k 5 4 1 . mm 542. mm^um 

-r^m%%zmmw 5 4 3 is j; mt^^mu b a A^m^x^i^ . y v 5 4 

?8^^f S^^e t-r:b:Ltij^X^ho 
[0 0 7 3] 

^l&0^<7)MR^T-^^^';*i^<h LTfflv^TtzMR AM<7)— '^ij^m 1 4H 
TT^-to MR^^6 0 1 ti. Q,\x'^k\^£t^ij^h^£Z>\£y Y (-t>7.) 1^6 0 2 i: 
KII6 0 3 t<D^^AZ-7 Y :^mzUm.^iiho ^y hi^filf 

{±. TonJ mU>^o/i^^ (HI 1 4-e(i. 

MR*?-6 0 1 a) ma^^tL;!, ( 2 mJ^iL-iS::^^) o 

[0 0 7 4] 

Ell 5 -Ell 7 ^#BSLTMR AMoitif^t;ov^-r$ ^m^^H^i-^o ^n^o 
ElCfi. »§3^c;^Sfij^j3cl:LFSc<^^«^EI)f^(7)^:^^y75s^^tLrv^-2>o MR ^^7 
0 Ki. ^^B^tCi3tt>i>MR^^T-*)^o Ell 5 tC^fMR AMT'ii, MR^T" 
7 0 1 <7)^g|'fb*^S^1®SIJt3^<^h;E>;^ji6tC. ^^rttl. FET'^i:''<7);j^-f -y^ 
^T-7 0 5;6^'@5g$tL-Cv^^o ^coMRAMti. C M O S «±^60f^iiHii L 
-Cv^^o Ell 6 tc^l-MRAM-eti. ^T-r^tc, ^mmi^7 0 6/6^^SeS$tt 
rv>^o #^«^m^7 0 6 t LTti. b >#-«;wST-> Sfc{i±ieLfj 

*=K±lc^ft®i-e§;^o Ell 7 IC^-TMR AMTti. Ell 5i5J:t;^'Ell 6tl^L 
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10 0 7 5] 

m 1 5 -EI 1 7 iz^-rmx-ii^ vmi 03 mi-izmm^mLxim^ 

[0 0 7 6] 

i^ir. mmm^m\^^x:$:^m^^hi<zmmizum-r^:d^. :^mMi±\>iT<7)mi<z 

[0 0 7 7] 

[0 0 7 8] 

■ (^Wll 1 ) 

mmitjmns i muyia (a) /cu (50) /la (s) y?t-un 00) /co-Fe (1) /X/AI2O3 ( 

0.6)/'Nio.8Feo.2(5) 
[0 0 7 9] 

l203fi. A1^0.3~0.7nm^ML/cf^, 200Torr (26.3kPa) 0^*#W#H 
^^l^z^\.^X lM<7)miti:m.^MLXi'^mLfZo 
[0 0 8 0] 
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tiPto. 48Mno. 52^ <t tfCoQ. 75^60. 25 "^^^ ^ 
[0 0 8 1 3 

t LX6mm<D-^yf)^^mmLfzo 

[0 0 8 23 

^•^yy')\^(Dmmii. lX10-8Torr (1.3X10-6pa) J-JlTtC^^ $ -ej#^ L/i 
Ar:^f;^/6^^1j0.8mTorr (ItJO.lPa) (D^M^K^j: ^ X ^ KM^Lfz^^ > ^< 
-|*|-efTo/Co Sfc, •^-^T'^vMtcit L-C¥tf tc. lOOO e (8.0X10 

xA\20si m^^xmrn^'^^Lfz^. ±m^:^}^-^^~-}^^mif. ::<7)±ticu(5o 

) /Ta (3) 0±g|5m^ L r M R =^<^$^ L 7t o ^T^f ^ X(i^T 1 m X 2 

jumtLfZo i'^mLfzURmJ-'l:. 280°C. 5k Oe (4.0X 105A/m) (DM^^ 

^'t'-emralf^^tL. Ft -Mn^^c^g|^^:^^4*##L7t:o 

[0 0 8 33 

<7)'^<b (MR#t4oM3ifi®fs!cm4) ^p^Ttzo ^-r\ M^mmw^^zio\.^x 

@^?^14^0ii^'fl:#B#:^|fi] |Hl:^(6]tC«:;^4. OX 105A/m<7)^i.TO#^^T-t; 

en^JDLT. iSy)tLlzg5S§T-^i; J; '9^f of^o MRifcco^mti. ft:^^g^;L^t^Rmax^ 
ft/J«;Lli^Rn,in<^ (2) tciO^fo/c ^mcO^MfUl^isv^T ^ 

[0 0 8 4] 

MRJt= I (Rmax-Rmin) /Rminl XlOO (%) (2) 
[0 0 8 53 
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T{±, l(Dn^. YeQ,^?to,z{2)(D^i)mfmm'mim:{zi^mL. Cod. 5) (in 4 
[0 0 8 6] 

51* ^7^^ Invite J: (?IJj^7ajtiBH0-450°C. #?aix-Mt:/^. SEET) 

[0 0 8 7] 
lO 0 8 8j 

1^1] 





X 








280^: 


ssot: 


ssonc 


400'C 




Co (2. 5) 


13X10'* 


27 


20 


9 


1 




Feo.8Pto.2(3) 


8X10"" 


26 


28 


27 


27 




Feo.7Pto.3(2)/Co(l. 5) 


5X10'^ 


25 


24 


25 


23 


^iS««Ia04 


Feo.7sPdo.25(2) 


8X10-* 


18 


20 


21 


20 




Feo.6sNio.35(2. 5) 


1X10'^ 


23 


25 


25 


24 




Feo.8380. 17 (2. 5) 


3X10*^ 


15 


15 


16 


15 




FC0.85P0. IS (2. 5) 


4X10-* 


18 


17 


17 


17 




Feo.5Pto.5(3) 


IIXIO'" 


10 


5 


4 


3 



[0 0 8 9] 

m 1 iZTsk-rx ^ It Lxm-^cDwm^um-'tm^^fz^iJt^maoixii^ mMm 

Ftm^m^^ fz'lit^MaOS it . 280X: T'<7)^M31f^ is It -5) M R it^m<D^ > y;!/ <t 
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l9^/h^<. tfz. nmm7^m<^±^i^i^^XMRit-^mmM (a02~a07) X^) 
[0 0 9 0] 

T ^ )Uy r m^^tzmMMaOl-aOl-^li. 400*0 iJV^T ^ MR 

[0 0 9 1] 

m^w.wLtzt^<D^ MR m^(^n-Mm.^^mm^ ^ v ^ xm^ ^a^ta^tzo 

[0 0 9 21 

Hi&^ji }z^^(n>-nm^m^^x^ Tfet3^-rM«^<7)MR^i=-^f^$^Lfzo 

[0 0 9 3] 

S?tm'fbM#S i »^/Ta (3) /Cu (50) /Ta (3) /N i-Fe-Cr (4) /Pt-Mn (20) /Co-Fe ( 

3)/'Ru(0.8)/Co-Fe(l)/Xi/Al203(l)/'X2/Nio.8Feo.2(5) 
[0 0 9 4] 

«±(7)Ta(3)//Cu(50)(iTfl5«^l-r~^ 19 . TSPmS <i:Pt-Mn(20) <!: orBl(7)Ta(3 
)/Ni-Fe-Cr(4)(iT%^'e*^o ^fz. Y\.-Vsm^tWMm^mxh^ . Co-Fe(3) 
/^Ru(0.8)/Co-Fe(l)(i. '9i\^m&!^W.h-fhm^'7x.^)m^Xh^o \\iiXXrk 

2^^'&^^MMW&mxM . mMm>z\^x^mm<T^'^yf)y^^. tfz. iiisxm 
2t \^xm'^<Dmm.mAim^^fz'ijt^m'k immmmhtzo ^^y-f)v<Dm^ 

■^^ XmfjLmXAfxmtX^tZo Pt-Mn®. Ni-Fe-Cr)lio J: O^ro-Fe® 

fi. -^tL-e-*tLPto.48Mn0.52- NiQ.eFeo. l5Cro.25- CoQ.gFeo. i"^*)-:? fjo 
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[0 0 9 5] 

14<7)#-^(±. soot:, 5k Oe (4. OX 105A/m) . lOmm<7^^W^%^n-Mm^Z 
[0 0 9 63 

0iJbO4Hov^-C(i. X2<7)d*>, Feo.7Pclo.3(2)cOcJ^7{)Mg:tAJij?fti|tt)Mtci=@^ Fe 

tcov^Tii. XiiS J:0^l2<^-^ ^Feo.75Pto.25(3)(7);^76Hg:»?ftJ||t«tC+i^ L 
. Co(l)i3J:a=to(1.5){i|l]4 tc*3tt^i^14Ml 2 tc+g^ LTv>>g>o ^]{iW4c7)X 

lis J: xn2\iZi^n ^pmm^mt. \mMmm.n.mxhh?eQ, ysPto. 25^ ^^-^^^ 

[0 0 9 73 

>^jb\ h >;twu^#^-e^)^Ai203<7)»^^i§:{i8X10-6/'Kt:^)o/io 
[0 0 9 83 

[^23 





Xi 


X2 










»0iJbOl 


Fe(2) 


12X10"' 


Fed) 


12X10'" 


llig««Jb02 


Feo.65Nio.35(2) 


IX 10'" 


Feo.65Nio.3s (1-5) 


1X10'* 




Feo.8Pto.2(2.5) 


8X10'* 


Feo.65Pto.35(2) 


2X10'" 




Feo.7Pdo.3(2) 


IXIO''' 


Fe(l)/Feo.7Pdo.3(2) 


1X10'^ 


Hjg^JbOS 


Feo.75Pto.25(3)/Co(l) 


-2X10'* 


Co(1.5)/Feo.7sPto.25(3) 


-2X10'* 


IISS0ilbO6 


Feo.85Pto.is(2) 


10X10* 


Feo.85Pto.,5(2) 


10X10* 



[0 0 9 93 

Oe (4.0X105A/'m) OMI^iftCisv^T, >7';U^J':J.T<7)^3 tC^-T^ia 
mztXmmL. 2NF^i^^L/imHM?aStrf^iPL. MR#14^ LTMRJrb^ 
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[0 10 0] 









ooU L/ 


4UU U 




15 


8 


2 


0 




35 


35 


32 


33 




24 


25 


24 


24 




21 


20 


19 


18 


HM^JbOS 


31 


28 


27 


26 




40 


35 


33 


33 



[0101] 

^3 tc^-t i ^ tc. Xij3cl:U^l2<!: L-Cii'i-<7)Mttl5tfl'^fflv^7^c|^5^|?yb01-e 

>2> t . M R Jt ^ ^ < t# ^ ^ <!: ;6^'T' i ^ V > t'm^^^^lt L fz o 
[0 10 2] 

fz ^^^14 -^TY^Lfzo Fe-Pt id J: ti'Te-Pd'^ <r>\mMm^nm(r>^^ KX.^. P^, 
[0 10 3] 
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25/ 



mum (TEM) Hcfc^ram^^^fo/io 280'C<7)^M3®f^<7)-9->7';W-r{i. 

. hy^^)vmmmt^Ki,zmm-r^m^mt<D^miimmx^^^ hy^^)vmm 

[0 10 4] 

[0 10 5] 
[0 10 6] 

^A^m^f tm#S i mU^Ta (3) /Cu (50) /Ta (3) /N i -Fe (4) /X/AIN (1.3) /X/Co (5 
)/'Ir-Mn(8) 

[0 10 7] 

*«_t<7)Ta(3)/Cu(50){iTf|5m^-e^) 0 . T^mmtm-Fem t(Dm<DTa(3) 

i±Tmmx^^o tfz. ir-wimiiK^mnmx^^o mmmmmi^mx^^ 
. ^^mmxit. mmmtLX4m.m. ttz. it Lxmn<7y^m^um'km\^^ 
fz^^m^ immmmLfzo ^^yf)i^<7)m^'^^ :^ii2jumx4jumtLfzo ^ 

Ni-Fe^. Ir-Mn^oa^fi, -etL-e^ttNio. gFeo. 2^ Iro. 2Mno. 8'e^>o /Co 
[0 10 8] 

h >';t-«;U|felt^-e -2) AlN(i. Al ^1.3 n mfiKMf^, mmi^J^VT}l^=fy<D^^^ 
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^-v: 26/ 



m%Myjii<Dif-^li, 200V. 5k Oe (4.0X105A/m) . 8 B#r^C0?^#4'K^ 
[0 10 91 

H-^fjo tr. ±%l200V'C<Dmmmmi^m^X'MRS^i^tLXMRit^j^it>fz 

> 5kOe (4.oxio5A/m) (Dmw^i^zi^\,^x immm^LtzmzMimtxt^ 

[0 110] 
[0 111] 

[m4] 





X 


frt ^ M R J± (% ) 






200t: 


250"C 


300*0 


350t: 


400*0 




Co (3) 


13X10'* 


20 


23 


10 


1 


0 




Feo.75Pto.2s(3) 


-2X10"* 


15 


25 


26 


25 


24 




Feo.7Pdo.3(3) 


1X10"* 


12 


26 


25 


24 


24 




Feo.65Nio.3s (3) 


1X10"* 


18 


30 


28 


28 


28 




Feo.83Coo.o5Nio. 32 (3) 


1X10'^ 


22 


27 


26 


27 


26 



[0 112] 

^4 tc^i-j: ^ t;. xtLxm'^<7)^mmm^m^^fz'iJtmmcoixii. mMm 

Um(D±^tt ii tlMRJt:*^\t.Mt3M^^L. Maiaj^400°C-e{iMRJt^^< 
[0 113] 

xi<zmmw^\im'i:m^^fzmMnc02-c05xii. m^mum(D±.^i^z 
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[0 114] 

mmm 4 ) 

[0115] 

^Ji^il i|B]»0^yi^ffli/^T. Tfet;mi-M«^<7)MR^T-=^i«L7t:o 
[0 116] 

mm^mUS I S^/Ia O) /Cu (so) /la (3) /Ni -Fe (3) /Pt-Mn (20) /^Co-Fe (4) 
/X/Al203(l. 2)/X/Nio. gFeo. 2(8) 
[0 117] 

^«±<7)Ta(3)/'Cu(50) UTUmmr-^ 0 . Tg|5m^hNi-Fe® h <7)^<7)Ta(3) 
(iT*©-e*^o i/i, Pt-Mn^{±Jg:5M14^-e*f). -?-oa^(iPto.48Mno.52 

<7)*^=-9-^X(i2;« mX2.5// L/vio 5^*3. Ni-FeB. Co-Fe^OlifiKfi. -^tL 
-e tLNio. sFeo. 2- Coq. 75Feo. 25"^^* ^ ^-o 
[0 118] 

h >^wl/^^ii-e^)^Al203(i> A1^0.3~0.7nm^M#:. 200Torr (26.3k P 

a) (Dmm^^wm%^izis^^x i^m(Dmt^m^MLximLfzo mmi^ 

mx^^?t -mim^(7)m^^^n.(DH^it. 260t:, SkOe (4.0xi05A/m) 
[0 119] 

P-^Ttio i-r\ M^Mmw^iz}o\.^x^-^yy')^^l^lT<Dm5iZ7f:ir^'^^m^t 
xm^Ls mmUWLfzmzM^tXi^mL. MRS^^tLXMRitt:^t6fz 
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[0 12 0] 
[0121] 





X 








260*C 


320t: 


seot: 


400*0 




Fe(2) 


12X10"'^ 


18 


16 


7 


1 


lll(S«»Jd02 


Feo.gsBo. 17 (2. 5) 


3X10'' 


21 


20 


19 


18 




Feo.85Po.i5(2) 


4X10'* 


26 


24 


24 


23 




Feo.75Hfo.25(2.5) 


4X10'^ 


18 


18 


17 


16 



[0 1 2 2 J 
[0 12 3] 

±f£^»n ~4 tiisv^T. mmmmm:t\^x^ ^Fex-Niy-coz ( 

fzfzL. x + y + z=l. 0.5^x^0.7. 0.3^y^0.45^ O^z^O.2) -C^^ti 
^a^^^-T'^'^^-^. ^Fei_a-Pta (0.15^ a ^0.45) Xj^^fihU-l^'k^-t 
^Fei_b-Pdb (0.2^ b ^0.45) X7f^^iXhU.^^^'n>^^ti: t~^m^^ 

fzm^\:.ii^^xi,. mntzmm^^n^-^^ti^uRm^^n^ ztt^xhtzo 

[0 12 4] 

tfz. i^mtmrmm^mtLX. ^Fei_c-Mc itztlL. M(i. B. p. Si. ZrioJ: 

mii)^hmui\-h'>^^j:< tii~m.(^jtm. o.os^c^o.s) 

hZ.ti)^X^fZo 
[0 12 5] 
(^M^fl 5 ) 

%mm2xY^mi\^fzM.Rmi- {^^mho\m^xf%mmhQ2. bos) ^^v^r. 
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o 

[0 12 6] 

m'^tLT. cu. ?tisxm2i<Dmmm'^m^^fzo 

[0 12 7] 

. MRmT-^*Mf!l2 <h[WI«tcftMf^. tir. 280t:. 5kOe (4.0X105A/m 

) co^g|#4'MS^^T^ -<!:-e@^il14/i<^il'fl::^i6]^M^L/jft. 2001::. lo 

kOe (8.0X105Aym) <DmW^m^m^'i=7\^^. g*Mtt^CO|^'fb^lr:^f^=^ 
[0 12 8] 

±fe<7) J: 9 tcf^S^ L /ilSI^^ y K ^ , 150t:O'|l?a^f AtL. SOOmVomffi ^ M 

w<D^\^it. MRm=f-<^m'^m^m(r>mmBi:^\^tLtzo 

[0 12 9] 

<D\zm^X. 'ilt^nhQl'km^^fzl&^^ y VX\t^ ^^M^^\i^ii^^xmA5%m^ 
#1:::^ § ^j:^t)\&Ti)m^ L fzo 
[0 13 0] 
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mmme) 

mmm i t-{ipm l/zmr m^r- m^maoi is <t o^^n wjaos) ^ «b o^ic 2 

-e^^MLfcMR^i^ (^»!lii^#b03i3J:?7b05) ^fflv^T. Hi lioJiCKgll 2 
[0 1 3 1 1 

i:L7t:o ±fS*1S±t'Al203*fflv^T|fe#;S^ff^)55cL. 'ec7)±^;±ISc7)M R 

cu. Taisxz/?t(7)mmm:^m^^fzo MRmi^(r>f^^ii. mi i i^^-t-MRi^^ 5 

3 9. 012 H^i-MRiISS 4 0 tii {ZS/umt LfZo 
[0132] 

{'^WiLfzmM.^ y Kc7)^^^> ■7°ft{i0. 1/i m ^ L/io 
[0 13 3] 

±fe<7)J: o tC'f^ML^cl^^^ -;' K*. leCCOlafi^iHAti. 200mVomJE^M 
[0 13 4] 

M*. MR^T-^LT. l|]!i&^Ja03. b03i3 J: mjOS^fflv^/;:?^^^ y KTii. 

l^i^Hum<7)tti:^j<;)jaT7!)^^^^l%J':;i*I-C-^) 0 , ^.^m^«t;^^L/iai:tJ#t4^ 

[0 13 5] 

(HMI^fl 7 ) 

1 -e^^mt/cMRm^ (t^5^^i)a0li3J:r/^M1^Ja02) ^fflv>T. Ell? 
tc^i-J:^ (MR AM) ii'^mVfZo 
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[0 13 6] 
[0 13 7] 

280t:. 5k Oe (4.0X105A/m) (T^^II^'t'^^Jlta^ 5 Btre^tf o Ttio -eof^ 
[0 13 8] 

■\t. MRm^(7)^mmim (^mmmKioif;^. m-Fe (5) ) (Dmitum^Km 
<Dmim^Lfztz^^ mmm. mmi]tiiK^ mmm<7)tht}mm%hfifzo ^ 

X\^^^^t:fy^t>-^^'ofZo 
[0 13 9] 

^ ii'i^mLfzo mj-mm. i e x i e m^<7)^^ virifuy tLx 

. '^Bt8 y ^ i: Lfjo MR^^OKSti, i ^ t'tfo ^-fCMOS 

^'Kitc. ■^^^T-.i: L-CFET=^-7 h -7 i^X^I^HSegL. CMP-eOT 

h y ^^^t^ctiSeMLfco -etL^°tL<7)^^:-9--rX(i0.l;umX0.l5;umi: L;t:o 
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[0 14 0] 
[0 1 4 1 1 

^»i|a02<7)MR^T-^fflv^/iMRAM-e(i. #-^1^^ ^ co^t^^ 
fix ^<*T-m:tlW^n=&5&^ofCo iO^i:;^-^. t^*Ma01<7)MR*T{i. 
*4-L. ^»!la02cOMR^T-{±. 400°Com^{jL5|tC*t LT ^+:^4-ilM!^14*Jf oT 
[0 14 2] 

. [mil ^^mz^\'i^m.%mfm^m=f-(^-'m^m-rmmm 
[ la 5 1 n j3 It ^ ^^^«t)L3^m^T<^ * ^-t BffM 0 
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mmm 

[mil] ^^H^tcistt'^M^^y KO— -^O^^-TifMBi 

[Hi 2] :^§tmi<zidlf:hm%^'y K<7)«dt^J^^-r»fSia 

[HIS] :$:|&^tl*5tt^^^fiS^^«<7)-M^^-r^^llI 

[dii 41 :^^mi<zidif:hm%^^')(o—M^7j^-rm^m 

[mi 51 ^i&B^t;i3it^?gi^^^';(7)ij,f^<7)^«!i^^-r^^iii 

[mi 71 :^§tmi^^iiif ^m^^ ^e^) <DW]i'i^<7)m^m^7ji-rm^m 

1 s 1 mi^m 

3 > 3 a ;u^$t)l 

5.5a K^mi^m 

6 

11. 12, 21. 111. 113 mn.m 

1 1 2 ^^^t4M 

5 0 1 mm^mm 

5 0 2 ±g|5mM 
5 0 3 Tg|5m^ 

5 0 4 

5 0 5. 5 2 0. 5 3 1. 6 0 1. 6 0 1 a. 701 MR^T" 
5 11 ^ y KgP 
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5 12 m^&^^y 

5 1 3 n^^y 

5 14 zi4 )P 

5 1 5 ±mi$W='T 

5 1 6 K 

5 1 7 ffi#^> 7" 

5 1 8 > 5 4 3 «l^fd$iS# 

5 1 9 

5 2 1 . 5 3 6 S^^'-V y y° 

5 2 2 T^v-;i/K 

5 3 2 mmm 

5 3 3 Jigpa-^' 

5 34 TU^-^ 

5 3 5 ^'-V y T' 
5 3 7 - 

5 3 8 hVsvf T7>gI5 

5 3 9 MRi^^ 

5 4 0 MRIPI 

5 4 1 IfH^^ y K 

5 4 2 mm^ 

5 4 4 m-^magp 

5 4 5 ^^IS^^ffi 

6 0 2. 7 0 3 If y h 

6 0 3. 7 0 4 -7 - Kl^ 

7 0 5 y "f-m^ 

7 0 6 wmm^f- 
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